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Description 

This iavenifon relates to a novel anti-Hlv (hu- 
man immunodeficiency virus) agent. 

Extensive moiecular-biologicai ai^d biochemical 
studies have been undertaken on HIV, since the 
virus, the HIV. has l>een uncovered as a cause of 
acquired immunodeficiency syndrome (hereinafter 
reierred io as "AIDS"). These studies have been 
successful in gradually unveiling the virus itself, as 
we« a$ the mechanism the cell irileciion with the 
virus. Two routes through which the ceils are tn- 
lected with the virus reported; 3 route by which Hlv 
released into blood directly combines mtb the tar- 
get T-ceiis and a route in v^hich ceils infected with 
HIV combines with uninfected cells to form a largo 
cells [Weber. J. N. and Rice, R. A. Scientific 
American (Jafyanese version), J^. No. 12. 88-85 
(198B)]. At the present, however, almost all AIDS 
patients die because of the lack oi an dfective 
AIDS cure. Studies are ongoing all over the worJd 
for discovering anti-HIV agents which are effective 
lor the treatment of AIDS patients infected v^fith 
HIV. 

Oniy 3' -azid o- 2' ,3 ' -did eoxy -thy m idi n e 

(hereinafler abbreviated as AZT) has been so far 
sold on the market as an anti-HIV agent [Mitsuya, 
H. et al. Proc. Nati, Acad, $ci. USA, S2, 709B-7100 
{1335)]. AZT, hov/ever, remarkably inhibits bone 
marrow cell growths as a side* effect and thus is 
problematic for long-term administration [Rich- 
mann> D. D et al.. Wew Eng. J. Wetf., 377, 185-191 
(1937)]. 

AZT is a derivative of 2',3'-dideoxynucleoside. 
Known at the present as an anti-HIV compound 
having a similar structure is 2\3'-didooxycylidine. 
This compound is under investigation at the clinical 
stage. Pyrimidine auclooside derivatives (Japanese 
Patent Uid-open No, 107924/1988) and purine 
nucleoside derivatives (Japanese Patent Laid-open 
No. 107936/1988) are other compounds which are 
the derivatives of 2\3'-dideoxyaucleos!de. 

Besides the above-mentioned compounds^ 
soluble CD4 and dextran sulfate are cor\sidered to 
be promising anti-HIV agent candidates and clinical 
tests are ongoing on these compounds. CD4 is a 
glycoprotein which is abundantly present, espe- 
cially on the surface of helper T ceils, a major 
target of HIV. Helper T cells are infected with HIV 
through strong bondiag of CD4 with a glycoprotein 
called gpl20 which exists on the surface of HIV 
particles. II a soluble CD4 is administered to a 
patient gpl20 is occupied by this extraneous CD4. 
This prevents the Hiv from bonding with the CD4 
existing on the surface of helper T cells, thus 
prohibiting the infection of helper T cells with Hiv. 

Dextran sulfate has conventionally been used 
as a blood coagulation inhibitor or as a cf^olesterol 



depressor- The coiTipound has drawn much atten- 
tion since the discovery of the elfecl to inhibit 
infection or replication of Hiv [Jpn. J, Cancer Res. 
78, 1164-1168 (1987)]. Dextran sulfate, however, 
5 brings about a side effect of causing liver dis- 
orders. In addition, the blood coagulation inhibiting 
capability possessed by dextran sulfate makes it 
Impossible to administer this compound to 
hemophiliac AIDS patients. 

^a 

[fsrteaf^s for the Solution of the Problems] 

The present inventors have carried out exten- 
sive studies on the development of a compound 

?5 useful as an anii-Hiv agent As a result, the in- 
ventors have found that if the amino group on the 
plasma protein-constituting amino acid residue is 
chemically modified to convert its polarity from 
positive into negative, the chemically modified 

HQ plasma protein inhibits HIV-infected cells and HIV- 
unintected ceils from fusing together and thus from 
groY/ing into large cells resulting in denaturing or 
death of the ceils, and yet such a chemically 
modified plasma protein exhibits the least in vivo 

25 and in vitro tonicity. That is, the present inventors 
have found that said chemically modified plasma 
protein could die used as an excellent ar»ti-HtV 
agent. 

30 Disclosure of the Invention 

The present invention provides a new use of a 
protein of which the polarity of the amino group of 
the amino acid residue constituting plasma protein 
35 is chemically modified into a negative moiety, in 
the manufacture of an anti-Hiv agent. 

Preferred embodiments of the invention are 
indicated in the sub-claims. 

40 Brief Description of ti^e Drawings 

Fig. 1 is a graph showing the number of living 
cells over time counted by means of the t\/lTT 
assay in a mixed culture system to which f\/i-H5A 

-)5 or DS v/as added to a mixed culture system of 
Molt-4'Hiv and Moli-4 clone no.8 to a final con- 
centration of 20 ug/ml (fs/l-HSA) or 50 ug/ml (DS) to 
investigate the effect of m-hSA or DS to inhibit 
denaturing or death of cells due to large cell forma- 

00 tion. 

Figs. 2(A) to 2(D) are sketches of the cell 
morphology in culture systems of MolM/Hiv and 
Molt-4 clone no.8 observed by microscopy on the 
fourlh day of the culturing. Fig. 2(A) is a sketch of 
66 ceils in a culture broth wherein Mo!t-4 clone no.8 
atone was cultured. Rg. 2(B) is a sketch of cells in 
a culture broth wherein Moit-4/HIV and f\/Iolt-4 clone 
no.8 were cultured in a mixture witiiout the addition 
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Of a lesi saimple. Rg. 2(C) is a sketch oi cells in a 
culture broth wherein Molt-4/HIV and Molt-4 done 
ao.8 were cullureci ir\ a mixture v^ifch an addition oF 
20 ag/ml of M-HSA of the present invention. Fig. 2- 
(D) is a skeich ol cells in a cuUure broth wherein 
Molt-4/HIV and Molt-4 clone no.fi were cultured in a 
mixiure with an addition q\ 50 ug/ml oF DS. 

Fig. 3 is a graph shovi/ing the IRs for M-HSA, 
S-HSA, M-BSA, and DS at various concentrations 
in a culture broth wherein Molt-4/HIV and Molt-4 
Clone no.8 were cultured in a tnixlure. The iRs 
were calculated from the measurennent of the living 
cells t>y means of the MTT assay on the fourth 
day. 

Fig. 4 is a graph showing the IRs for M-HSA. 
HSA. and DS at various concentrations in a culture 
broth wherein f^oit-4/HIV and l\/ioit-4 clone no.8 
were culturcjd in a mixture. The IRs were calculated 
from the measurement of the living cells by means 
of the Trypan blue color exclusion method on the 
fourth day. 

Fig. 5 is a graph showing the IRs for Ivl-lg, S- 
Ig, f\/i-Tf, S-Tf, S-Fb. and DS at various concentra- 
tions in a culture broth wherein Molt-4'HIV and 
Mott-4 clone no.8 were cultured in a mixture. The 
IRs were calculated from the measurement of the 
living cells by means of the W\1T assay on the 
fourth day. 

Figs. 5(A) to 6(D) are sketches shovi^ing the 
microscopic morphological observations of the 
cells in direct T-cell (cell strain Molt-4 clone no.8) 
infection systems with HIV in the presence of 
HSA or M-Tf on the fourth day of the culturing. Fig. 
6<A) represents a sketch of colls in a culture broth 
wherein Moit-4 clone no.8 alone was cultured. Fig. 
6{B) is a sketch of ceils in a culture broth wherein 
Molt-4 clone no.8 v^as cultured wHh the addition of 
a solution cooiaining only Hiv. Fig. 6(C) is a sketch 
oi cells in a culture broth wherein Molt-4 clone no .8 
was cultured with the addition of a solution contain- 
ing HIV and 100 ug/ml of M-HSA of the present 
invention. Fig. 6(D) is a sketch of cells in a culture 
broth wherein Molt-4 clone no.fi vms cultured with 
the addition of a solution containing Hiv and 300 
ug/ml of M-Tf of the present invention. 

Fig. 7 is a graph showing iRs of M-HSA, M-ig, 
M-Xi, S-Fb, and DS in direct T-cell (cell strain Molt- 
4 clone no.8) infection systems with Hiv on the 
fourth day of 1he culturing. IRs are calculated from 
the number of living cells measured by the Trypan 
blue method. 

Fig. e(A) is a graph showing the effect oF 
maleyl- and succinyl-modified plasma proteins on 
normal lymphocytes in an in vivo system. The 
graph indicates the amounts of radioactive 
thyiTiidine taken into the culture broths on tt)e third 
day in which normal human peripheral blood lym- 
phocytes were cultured in the presence of maleyl- 



modified human serum albumin, succinyl-modifiect 
human serum albumin, or non-modified human se- 
rum albumin. Fig. a(B) is a graph showing the 
amounts of radioactive thymidine taken into the 
5 culture broths on the third day in which normal 
human peripheral blood lymphocytes were cultured 
in tiie presence oF pha or ConA. 

Best Mode for Carrying out the invention 

JO 

Plasma protein derived from hunoan being » 
such as human serum albumin, human im- 
munoglobulin, human transferrin, and human 
fibrinogen, are considered to be desirable from the 
70 aspect of antigenicity. Beside tt^ese proteins, caif 
plasma proteins can be used as a plasma protein 
which is to be chemically modified in the present 
invention. 

Dicarboxylic anhydrides , preferably maieic an- 

20 hydride, succinic anhydride, and the like, can be 
given as chemicals which convert the amino group 
of the constituent amino acid residue from positive 
into negative. 

Since the purpose of the chemical modification 

25 is to obtain a plasma protein having an HIV activity, 
the chemical modification can be carried out by 
reacting said plasma protein and said chemicals tor 
the modification in a weak alkaline solution around 
room temperature, and any conditions can be em- 

00 ployed so long as ihe amino group of the amino 
acid residue constituting the plasma protein can be 
carboxylated, e.g. by matey I- or succinyl-modifica- 
tion, and its electric charge is converted from posi- 
tive to negative. There are no strict limitations as to 

35 the number and the primary structural site of the 
amino acid to be modified. It should be understood 
that even if a part of functional groups other than 
amino group in the side chain are chemically modi- 
fied as a result of a side reaction, such a chemi- 

40 cally modified plasma protein falls within the scope 
of the present invention so long as the resulting 
product possesses an ami-Hiv activity. When car- 
boxyiic anhydride is used, the modified site has a 
Structure represented by -NHCOf^COO". wherein 

45 R represents an organic group. 

Preferal>le embodimems of the present inven- 
tion are described in more detail. 

lilustratir^g the methods lor preparing the 
chemically modified plasma protein of this inven- 

50 tion, one example of maleyl-modilicaiion has been 
proposed by Butler. P. J. G. and Hartley, B. S. 
[Method Enzymoi 25, 191-199 (1972)) and a suc- 
cinyl-modification method has been proposed by 
Habeeb, A. F. S. A. et ai. [Biachim. Biophys. Acta^ 

55 23, 587 (1958)]. Specifically, a maleyl-modified 
plasma protein can be prepared by tl>e treatrr^ent 
of a plasma protein with maleic anhydride in a 
weakly alkaline solution, and a succinyl-modified 
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plasma protein can be prepared by tt^e treaiinenl 
of a plasma protein with succinic anhydride in a 
weakly alkalirie soiutiotv 

Maieyl- or sucdnyl-nrtodified plasma proteins 
remarkably inhibit formation of large cells by the 
bonding of HIV which is released into the blood to 
the target cells and by the iLislon of HIV-infected 
cells with uninfected cells. 

A dose to be administered of maleyl- or soc- 
cinyl-modified plasma protein which is the elfective 
componerU of the anti-Hiv agent of this invenlion 
varies depending on the degree of the symptoms, 
the age> ttie sex, and the ability o\ the subject to 
accept such a chemically modified plasma protein. 
For adult patient, the dose is generally 10 ug to 10 
Q per day, and this dosage may be administered at 
one time or over several administrations each day. 
The antt-HIV agent of this invention may be either 
administered individually or used together with one 
or more other anti-HIV agents. 

Intravenous injection is usually applied as the 
method of administration. 

The injection liquid can be prepared according 
to a convcntiona! method using, as required, com- 
monly known carriers or adjuvants such as pH 
buffers, solubilizers, preservatives and stabilizers. 

Preparation o1 the chemically moditied plasma 
protein of this invention is illustrated by way of 
example with respect to maleyi-modified human 
serum sibumin. 

(Preparation Exampb) 

The method proposed by Butier et ai. [Butler> 
P. J. G. and Hartley. B. S.; Method EnzymoL 2S, 
191-199 (1972)] was empioyed. 

300 mg of human serum albumin (No. A 8763 
produced by Sigma Co.) was dissolved into 30 ml 
of 0.2 M NapB^O? solution which was adjusted to 
pH 8.5 with hydrochloric acid. Maleic ant^ydride 
powder v/as added to 30 ml of this solution to a 
final concentration of 0.1 while adding Na2C0$ 
povt'der to maintain the pH of the solution at 8.5 or 
greater. All of these procedures were performed at 
room temperature. The reaction product v/as thor- 
oughly dialyi:ed at 4*C twice wim 3 liters oC 0.1 ivi 
NaHCOs, once with 3 liters of purified water, then 
twice with 3 liters of 0.01 M NH^HCOs- 

After the dialysis, the dialyzed internal solution 
was lyophily-^ed using a lyophilyzer (Space Seva 
Deiux 76035. manufactured by l^bconca Co.) to 
produce tiie target sample of maleyl-modified hu- 
man serum albumin (hereinafter referred to as U- 
HSA) in a powdery form. 

Characteristics of M-HSA thus produced were 
as follows: 

(1) Molecular Weight 



The molecular weight of- the final m-hsa 
product measured by 8% SDS-polyacryl amide 
gel electrophoresis was 66,000. 

(2) Solubility 

5 Soluble into water. 

(3) UV Absorptivity 

The substance exhibited a greater UV ab- 
sorbance in the neighborhood of 250 nm than 
non-modified human serum albumin (t)ereina-fter 
}o referred to as HSA). 

The maleyl-modilication degree of M-HSA was 
found to be 90% by the calculation from the 
amount of the non-modified amino group using 
untreated HSA as a control. The method of Fields 
10 [Fields. R.; Methods EnzymoL i£> 464-468 
(1872)1 was employed for the measurement of the 
amount of the amino group. 

Examples 

no 

The present invention is hereinafter described 
by way of examples. All of the examples below are 
based upon in viifo systems using cultured ceUs. 
since in wvo experiments using an antt-HIV agent 

25 v/as difficult because of. the absence of suitable 
animals which arc intected by HIV. 

Types of cells, the method of assay, the 
reagonts, and the method of evaluation of the anti- 
HIV effects of various chemically modified plasma 

30 proteins used in the oxampics> are first cxplainod- 
CelJ strains used in Examples 1-3 v/ere human 
acute leukemia cells lvlolt-4. They included Htv 
infected cells f\nolt-4/HIV [Yamamoto, N. et al; /nt 
jr Cancer, 36, 446-451 (1985)] and Moit-4 clor^e 

35 no. 8 which is highly susceptible to HIV [Yamamoto, 
N. et at.; J. WoL 57, 1159-1162 (1386)]. Those 
cell strains were provided by Dr. Naoki Yamamoto 
ol the Medical Department oF Yamaguchi Univer- 
sity. 

40 The culture liquid used was 10% (v/v) bovine 
fetus serum solution of RPMI-1640 ("culture liquid" 
is also relerred to as "culture medium" from time 
to time in this specification). 

Normal celt culture eonditior^s (AirCOc = 95:5. 

45 temperature: 37 "C) v.^re employed tor cutturing 
the ceils. 

The number of living cells in a culture mix of 
Molt-4/Hiv and Molt-4 clone no.8 was measured 
according to the [y/lTT [3-(4,5-dimethylthiazol-2-yl)- 

50 2.5-dtphenyl tetra^oltum bromide] assay ["im- 
munological Experimental Procedure Xlll" (edited 
by Japan immunology Association), pp 4477-4482] 
or the Trypan blue color exclusion method. The 
number of iiving ceils in a direct inleciion system 

66 of Molt-4 done no.8 with HIV vras also measured 
Py the same method. 

The number of living cells by the Trypan blue 
color exclueion method was calculated a$ follows. 
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A Trypan blue-physiologioai salieie mixed solution 
was prepared by mixing 4 volumes o1 0.2% Trypan 
biue solution aod 1 volume of G-foid physiological 
saline water. Then, an equal volume of the Trypan 
blue-physiological saline ini^ted solution and the s 
cell suspension used in Examples v^ere mixed, and 
the number of cells not slained with the pigment 
was counted using a blood cell counter. 

Human serum albumin (No. A 8763), human 
immunoglobulin G (No. 6 43S6), human transferrin lo 
(No. T 0519). human fibrinogen (No. F 3879), and 
bovine serum albumin (No. A 7638) used were 
those supplied by Sigma Chemical Co. The num- 
bers in the parentheses indicate the Sigma product 
numbers. In addition, dextran sulfate (No. D 0768; 
average molecular weight: 5,000. manufactured by 
Sigma) v/as used as a known antl-HIV agent for 
comparison. 

Activities of chemically modified plasma pro- 
teins and dcxlran sulfate (hcreinaitor referred to as 2U 
"test sample" or "medicine") v^rere evaluated by 
means of the inhtbtttve ratio (hereinafter referred to 
as "IR") achieved by the samples of the cell- 
denaturing or cell-death caused by large cell for- 
mation. Here» IR is defined by the toSlowIng equa- 25 
tion: 



A - B 

IR = X 100 (%) 00 

C - B 



wherein A is the value measured by the mtt 
assay or the Trypan blue color exclusion method .15 
on tl^e Molt-4'Hiv - MoU-4 clone no.8 mixed culture 
system to which a test sample was added; B is the 
value measured by the MTT assay or the Trypan 
blue color exclusion method on the Moit-4yHIV - 
Molt-4 clone no.6 mixed culture system to which 4q 
no medicine v^fas added; and C indicates the value 
measured by the MTT assay or the Trypan blue 
color exclusion method on the Independent culture 
. of Molt-4 clone no.8. 

45 

Example 1 (Chemically modifieil albumin inhibitive 
e-ffect on large cell formation in a mixed HIV in- 
fected cell-Hiv non-infected cell culture system) 



Mixed cuituring of Molt-4/Hiv and Molt-4 clone 
no.8 cells is known to result in rapid production of 
multi-nuclear large cells, followed by the death of 
the multi-nudear large cells [Yamamoto, N. et al.; 
J. Virol, 67, 1159-1162 (198^- An experiment was 
performed to confirm the activity of M-HSA and 
succinyl-modified serum albumin (hereinafter re- 
ferred to as "S-HSA") to inhibit this phenomenon. 



Samples used were wi-HSA, S-HSA, and mal- 
eyl- modified bovine serum albumin (hereinafter re- 
ferred to as "M-BSA"). in addition, non-modified 
HSA vi^as used as a control and dextran (hereinafter 
referred to as "DS") was used as a representative 
sample from known anti-HIV agents. These sam- 
ples were added to produce various concentrations 
to Moit-4/HlV ■ Molt-4 done no.8 mixed culture 
systems to observe the inhibitory effect of the 
samples. 

A 96- or 24- hole mi crop late was used tor the 
mixed culturing of ceil strains ts/!olt-4/HlV and fMolt- 
4 clone no. 8. The culture was carried out tor each 
strain at a concentration of 0.5x10'^ /ml and 
2.0x10^ /mi. As controls a system to which no anli- 
HIV agent was added and a system containing only 
Moit-4 clone no.8 cells were cultured. 

In the course of the cell culturing. the effects of 
anti-HIV agents inhibiting cell-denaturing and 
-death caused by large cell formation v^ere mea- 
sured by the MTT assay over time. The cell mor- 
phology was observed with a microscope. The 
results are shov/n in Figs. I, 2-(A) to 2-(D), 3, and 
4. 

Fig. 1 shows the effect of M-HSA or DS inhibit- 
ing denaturing or death caused by large cell forma- 
tion over time in a mixed culture system to which 
M-HSA or DS was added to a final concentration of 
20 ag/mi (M-HSA) or 50 lag^ml (DS). Living ceils 
were counted by means 0I the MTT assay. In the 
tigure, the line connecting open squares represents 
the number of living cells in the culture broth 
containing only Molt-4 clone no.8 cell strain, the 
line connecting solid triangles represents those in 
the culture broth to which neither M-HSA nor DS 
was added, the line connecting solid rhomboids 
represents those in the culture broth to which 20 
ug/ml of M-HSA was added, and the line connect- 
ing open rhomboids represents those in the broth 
to which 50 ug/mi of DS was added. The IR for M- 
HSA v^^as 867o on the third day and 69% on the 
lourth day. and the IR for DS was 76% and 78% 
on the third and fourth days respectively. 

Figs. 2(A) to 2(D) are sketches of the cell 
morphology observed by microscopy on the fourth 
day of the culturing. As clear from these sketches, 
a large, agglomerated cells which were denatured 
and died were observed in the mixed culture sys- 
tem of strains f^olt-4/HIV and Molt-4 clone no.8 
50 {Fig. 2(B)], whereas the cells in the broth in which 
only 'Molt-4 clone no.8 cell strain was cultured were 
alive IFig. 2(A)]. in contrast, the large cell denatur- 
ing or death inhibiting effect was observed in the 
culture broth to which 20 ug/ml of m-hSA was 
bn added (Fig. 2(C)]. A similar effect was also recog- 
ni-^ed in the culture broth to which 50 (xg/ml of DS 
was added [Fig. 2(D)]. 
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Fig. 3 is a graph showing the iRs for M-HSA, 
S-HSA, M-BSA, and DS at various concentrations 
(500 uo/m!» 100 ug/mL 20 ug/ml. anct 4 ug/mi for 
M-HSA, S-HSA, and M-BSA, and 100 iXQJml and 50 
uQ^rrtl for DS). Ltvir^g cells were coutUed by tneaos 
of Ihe MTT assay. 

As shown in Fig. 3. )Rs for M-HSA were 102% 
at 500 ug/nn!, 95% at lOO lag/ml, es% at 20 ug/mL 
and 77% at 4 ug/ml; IRs (or S-hSa were 95% at 
500 iiglm], 89% at 100 ixglm], 84% at 20 jag/mi, 
and 73% at 4 ug/(nl; and IRs for M-BSA were 
106% at 500 ug/ml. 87% at 100 Ug/ml. 88% at 20 
u^frol and 72% at 4 uQ/ml in the case of OS. on 
th© other hand. IRs were 79% at 100 ag/ml and 
76% at 50 ag/ml. 

Fig. 4 is a similar graph as that shown in Fig. 
3, and was prepared to confirm the results of IRs 
obtained in the MTT assay in Fig. 3. In this experi- 
ment IRs for fH/I-HSA (at concentrations of GOO 
Ugfmi, 100 ug/ml 20 iig/ml, and 4 ug/ml}, HSA (at 
500 ug/ml), and DS (at 100 ug/ml and 50 ug/ml), 
wore caiculated from the results of the assay on 
the fourth day by the Trypan blue color exclusion 
method. IRs for fVI-HSA were 91% at 500 ug/ml. 
80% at 100 ug/mi, 75% at 20 ug/ml, and 35% at 4 
ug/mJ: IRs for DS were 84% at 100 ug/ml and 04% 
at 50 ug/ml. (n contrast, a large cell denaturing or 
death inhibitive effect of HSA v^as hardly recog- 
nized even at the concentration of 500 ug/ml. 

Froni the above experiments, pyi-HSA, S-HSA, 
M-BSA, and DS were recognized to exhibit a large 
celt denaturing or death inhibitive effect concentra- 
tion-dependentiy. Also, M-HSA, S-HSA, and M-BSA 
were found lo have a greater isrge cell denaturing 
or death inhibitive activity at a lower concentration; 
e.g. 20 ug/iTil, than DS. in conirasi, little largo cetl 
denaturing or death inhibitive effect was recognized 
with non-modified HSA. 

Example 2 (inhibitive effxsct of other chemically 
modified plasma proteins on large cell formation In 
a mixed HIV infected cetl-Hlv non-infeoied cell 
culture system) 

In order to demonstrate the anti-HIV effect of 
Chemically modified plasma proteins other than 
chemically modified serum albumin of Example 1, 
experitnents were carried out ir^ which IRs were 
calculated based on the W\1T assay and morpho- 
Jogical observations were performed in the same 
manner as in Example 1 to evidence a large cell 
formation inhibitive effect in the mixed culture sys- 
tem of ceH strains MQlt-4/HIV and Molt-4 done no. 
8. 

Test samples jsed were maleyl- or succinyl- 
modtfied plasma proteins, i.e., m ale y I- modi lied im- 
munoglobulin G (hereinafter referred to as M-lg), 
succinyi-modiFied globulin (hereinafter referred to 



as S-ig), maleyl-modified transferrin (hereinafter re- 
ferred to as M-Tf), and succinyl-modified transferrin 
(hereinafter referred to as S-Tf), and succinyl-modi- 
fied fibrinogen (hereinafter referred to as S-Fb). In 
5 addition. D$ v/as used as a representative sample 
from known anti-HIV agents. These samples were 
added to fiflolt-4'Hlv - Moii-4 cJorse no.8 mixed 
culture systems in various concentrations to ob- 
serve the inhibitory effect of the san^pies. 

}o A 96-hoie microplate was used tor the mixed 

cuUufing of cell strains Molt-4/Hiv and Molt-4 clone 
no.8. The number of cells used and the culture 
conditions were ihe same as in Example 1. As 
controls, a system to which no anti'HIV agent was 

T5 added ar^d a system containing only MoU-4 clor^e 
no.8 cell strain were cultured. The results are 
shown in Fig. 5. On the fourth day Irom the start of 
the culturing the MTT assay was performed and 
microscopic observation (magnification: x 100) was 

no carried out on cell morphology. 

Fig. 5 shows IRs of M-lg, S-lg, M-Tf, S-Tf, S- 
Fb, and DS at different concentrations, calculated 
from the number of cells v/htch was determined by 
the MTT assay on the fourth day. 

25 As indicated by Fig. 5, the IRs tor M-IG was 
70% at 40 ug/ml, for S-lg was 91% at 600 ug/ml. 
tor M-Tf was 110% at 300 ug/mt, for S-Tf was 
104% at 180 ug/ml. for S-Fb was 65% at 170 
ug/Vnl, and for DS was 103% at 100 ug/ml. 

3Ci The above results provide evidences of a large 
cell denaturing or death inhibitive effect oi maJeyl- 
or succinyl-modified plasma proteins other than 
ma ley 1- or succinyl-modified albumin. 

The morphological changes of the cells in tf^e 

35 mixed culture broths, each containing the above 
test sample, v^ere observed by microscopy to Find 
the effect of Ihe samples to prevent large cells 
from being produced (The results are not shown in 
figures). 

40 Based on the results of Examples 1 and 2 
various plasma proteins of which the polarity of the 
amino group of tf>e amino acid residue is chemi- 
cally modified with dicarboxylic anhydride are con- 
sidered to effectively inhibit Hiv infeciion. 

45 

Example 3 (ir^hibltive effect of rr^aleyl- or succinyl- 
modified plasma proteins to inhibit disorders in 
Moix-A- clone cells infected with hiv) 

00 In Examples 1 and 2> an inhibitive effect of 
maleyl- or succinyl-modified plasma proteins was 
denftonstraled with respect to tiie route of- infection 
in which HIV infected cells bond with non-infected 
ceils lo agglomerate into large cells, in this exam- 

6i> pie. eKpehments were conducted to show Ihe in- 
hibitive effect of maieyl- or succinyl-modified plas- 
ma proteins with respect to the other route of 
infection, i.e., the infection through me direct bond- 
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ifiQ o(- helpef T-cells with Hiv. 

Test samples used were M-HSA, M-Tf, M-lg, 
and S-Fb, and DS was used as a control. Molt-4 
clone no. 8 strain was used as the helper T-cetIs 
with which HiV is to tnfoct. 5 

A solution containing HIV was prepared by 
cuituring HIV producing c&il strain MoU-4/Hlv for 4 
days, separating the supernatant irom the culture 
broth by meaas oi centrifugatior^. and subjectina 
the supernatant to filtration using 0.45 urn filter jo 
paper (manufactured by Millipore Co.). 

The cell strain Molt-4 clone no.8 was inocu- 
lated ir^lo a 96-()ole nrticroplale, 2.3x1 Q'' ceils/iSO ui 
culture liquid for each well. 50 ul of the HIV solu- 
tion and ihe above mentioned test samples or DS 
were added to each welL and the cuituring was 
carried out tor 4 days. A-fter completion of the 
cuituring. nnicroscopic morphological observation 
and measurement of the number of cells by means 
of the Trypan blue color exclusion method were 20 
performed. 

Figs. 6fA) to S{D) show sketches of the micro- 
scopic (magnification: x 100) morphological obser- 
vations of the cells. As is clear from these sketch- 
es, large, agglomerated cells vt^hich were denatured 25 
and diod as a result of HIV infection were observed 
in the culture system of strain Molt-4 clone no.8 to 
which only HIV was added [Fig. 6(B}]. whereas the 
ceils in the broth in which only IViolt-4 clone no.8 
ccli strain was cultured wore alive [Fig. 3{A)]. In 50 
contrast, an HIV-induced large cell denaturing or 
death inhibiting effect was observed in tho culture 
' broth to v/hich M-HSA [Pig. 6(0)] or M-Tf [Fig. 6- 
(D)) was added. 

Fig. 7 is a graph showing the IRs calculated 35 
from lhe number of liviag cells which v^as (Mea- 
sured by the Trypan blue method. IRs for M-HSA 
was 58% at 100 ug/ml, lor M-lg was 67% at 40 
ug/ml, for M-Tf was 56% at 30O ugAnI, for S-Fb 
was 59% at 170 ug/nf\l. and lor DS was 54% ail 00 ^ 
ijig/ml. 

The above results are considered to be evi- 
dence that matey I- or succinyl-modified plasma 
proteins exhibited the inhibitive eflect also in the 
direct infection of helper T-celts with HIV. 45 

Example 4 (Effect of maleyl- or succinyl-modified 
serum proteins on normal lynrtphocytes in an in 
vitro system) 

DNA synthesis activity was measured using 
radioactive thymidine (pH] Thynr^idine) Q$ an in- 
take marker in order to investigate the effect of 
chemically modilied HSA of this invention on nor- 
mal human peripheral blood lymphocytes. i-ii 

Lympi^ocyies were fractionated from normal 
human peripheral blood using Fycoil Pack {Far- 
macia Co.). The above-mentioned culture nr^edium 



was added to the lymphocyte fractions. The lym- 
phocytes were inoculated into a 96-hole micro plate, 
4.0x10^ celis.''200 al culture mediutn per well. 

An M-HSA, S-HSA, or HSA solution was then 
added to eact^ of the microplate to a final cotv 
centration of 16 jxg/ml, 32 ug/ml, 63 ugJml 126 
uQ^mi. 250 ug/mL 500 ug/ml, 1.000 tig/ml. and 
5,000 itg/ml, respectively. In order to compare the 
impacf of chemically modified proteins to lym- 
phocytes with the lymphocyte blastogenesis of 
mitogens, microplate systems were prepared in 
which was added, instead of the above test sam- 
ples, phytohemagglutinio (hereinafter referred to as 
"PHA") to a final concentration of 5 ug/ml or con- 
canavalin A (hereinafter relerred to as "ConA") to a 
final concontration of 10 ug/ml. The cells were 
cultured in a humidified incubator (37 'C) in an 
atmosphere of air/C02 ratio of S5/5 for 60 hours. 
O.G uCi of radioactive thymidine (manufactured by 
Amorsham Co.) was added to each well and the 
cuituring was continued tor another 12 hours. After 
completion of the culture, the coils vi^ere harvested 
onto glass fiber filter paper using a harvester. The 
filter paper was dried end the radio activity (unit: 
cpmj was measured using a liquid scintillation 
counter. Ceils cultured by adding PBS instead of 
the test samples or mitogens were served as a 
control. 

The results are shown in Figs. 8(A) and 8(B). In 
Fig. 8(A), it was domonstrated that thorc was some 
degree of DNA synthesis tnhibitlve effect by S-HSA 
at the concontr&tion of 5.000 M-g/rriK but no such 
effect by S-HSA at concentrations of 15-1,000 
ag/mi. Both M-HSA ar^d HSA exhibited no Dr^lA 
synthesis inhibitive effect at concentrations of 16- 
5.000 ug/ml- 

A slight lymphocyte blastogenesis was ob- 
served in the colls comaining m-hsa. The degree 
v/as around 1710 of the values for PHA or ConA 
which are stiown in Fig. &(B). 

The above results showed no toxic nature of 
matey l-modi lied HSA and succinyl-modified HSA to 
human lymphocytes during the interphase (Go 
phase) of the ceil cycle- 
Example 5 (Acute toxicity test) 

Acute toxicity test of the chemically modified 
plasma proteins of this invention was carried out by 
intravenous injection of M-HSA to mice. 

As M-HSA was considered to be a low toxic 
material, the technically allowable maximum 
amount of M-HSA. 3.92 g/kg, was administered in 
this test 

Specifically. 3.92 g/kg of M-HSA was intra- 
venously administered to each of G DBA/2 rr^ale 
mice (provided by Japan Charles River Co.. Ltd.) 
weighing 24.4 to 28,9 g. and general conditions 
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and changes in bocSy weight of the mice were 
observed. As a result, no abnormality was ob- 
secved. 

it is supposed that th© same results Vi-ill be 
obtained Irom aay products produced by maleyl- 
or succinyi modification of plasma proteins, and 
thai all maleyi-rr^odiried plasma proteins as well as 
succtnyl-nnodifisd plasma proteins are safe. 

Industrial Application of the Invention 

As evident from Examples 1-5. plasma proteins 
modified with dicarboxylic anhydride, which are the 
effective components of the anti-HIV agent of this 
inveniioa. Inhibit the formaliori or large cells in 
mixed culturlng of HIV tnfoctcd cells and non- 
infected cells as well as the direct Infection of 
helper T cells with HIV. They do not have any 
influence on DMA synthesis even at a high con- 
centration. Also, they are considered as very safe 
materials due to the fact that they exhibited no 
abnormality in acute toxicity tests. 

From the above results plasma proteins modi- 
fied with a dicarboxylic anhydride are expected to 
be applicable to the treatment of HIV infected pa- 
tients. 

Claims 

1. Use of a protein of which the polarity of the 
amino group of the amino acid residue con- 
stituting the plasma protoin is chen^ically modi- 
tied into a negative moiety, in the manufacture 
of an anti-HIV agent 

2. Use of a plasma protein of which the amino 
group of the constituent amino acid residue is 
modified by a dicarboxylic ant\ydrirte, in the 
manufacture of an anti-HIV agent. 

3. The use according to Claim 2, wherein the 
clicarboxylic anhydride is mateic anhydride or 
succinic anhydride, 

4. The use according to Claim 1 or 2, wherein 
said plasma protein is derived from a hutnan 
or bovine source. 

5. The use according to Claim 4, wherein said 
plasma protein is a meiriber selected from of 
human serum albumin, human im- 
munoglobulin, human transferrin, human 
fibrinogen, and bovine serum albumin. 
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der das Plasmaprotein aufbaut, chemisch in 
eine negative Einheh abgeSndert ist, bei der 
Herstellung eines Anii-HiV-Mittels. 

verwendut^g eines Piasmaproieins> bei dem 
die Aminogruppe des aufbauenden Aminos^u- 
rerestes durch ein Dicarbonsaureanhydrdid 
modifiziert ist, bei der Herstellung eines Anti- 
Hiv-Miiteis. 

Verwendung nach Anspruch 2, worin das Di- 
carbonsSureanhydrid fVlaleins^ureanhydrid 
Oder Bernsteir)saureanhydrid ist. 

Verwendung nach Anspruch 1 Oder 2, worin 
das Plasmaprotein aus ciner menschlichen 
Oder Binder- Quelle herstammt. 

Verwendung nach Anspruch 4, worin das Plas- 
maprotein ein r/litg!ied ist, das aus Human- 
Serumalbumtn, Human-lmmunglobulin, Human- 
Transfcrrin, Human-Rbrinogen und Rinderseru- 
malbumin ausgewahit ist. 



25 Revendications 

1. Utilisation d'une proteine dont la polarite du 
groupe amino du restdu d^amino-acide consti- 
tuant la proteine de plasma est chimiquement 

00 modifiee on un fragment negatif. pour ia fabri- 
cation d'un agent anti-HIV. 

2. Utilisation d'une proteine de plasma dont ie 
groupe amino du residu d'airiino-acide qui la 

35 constitue est modifie par un anhydride dicar- 

boxyiiquo, pour ia preparation d'un agent anti- 
HIV. 

3. Utilisation selon la revendication 2, dans la- 
40 quelle ranhydridc dicarbOKylique est Tanhydri- 

de maieique ou i'anliydrtde succinique. 

4. Utilisation selon la revendication 1 ou 2, dans 
laquelle iadiie proteine de plasma est issue 

45 d'une source humaine ou bovine. 

5. Utilisation selon la revendication 4, dans la- 
quelle Jadite proteine de plasma est un ele- 
ment choisi parmi Talbumine de s^rum hu- 

50 tnain, rimmunoglobuline humaine. la transFierri- 
ne humaine. Ie fibrinogyne humain et Talbumi- 
oe de serum bovin. 



Paten tan sprLi Che 

1. Verwendung eines Proteins, bet dem die Pola- 
rilat der Aminogruppe des Aminosaurerestes, 
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FIG. 4 
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